This paper explores the past impacts of technology on our daily lives and how specific trends and lifestyle waves may impact future devices and their effect on society and how these devices may function. We will describe three specific types of waves and how they affect specific types of personal and home electronics. The lifestyle waves we will consider are: 1) time and place independence; 2) interactivity; and 3) integration of the physical and information worlds. We will consider how these waves influence three categories of personal and home electronics: 1) home appliances (i.e., washing machines, dishwashers, etc.);
I. LOOKING BACK BEFORE WE LOOK AHEAD
Predicting the future is always a difficult task. Before considering how technology may impact personal and home electronics a century from now, perhaps we can gain some perspective from past predictions. Here in Japan, the Hochi Newspaper published predictions for 23 specific areas of future progress in the 20th century (see Table 1 ). In our opinion, 13 of these predictions were correct, six were partially correct, and four have not yet occurred. We have listed and categorized these predictions in Table 1 . We have highlighted in red six predictions that are directly relevant to the subject at hand. We have also listed all of the predictions that were correct and involved electricity. Table 2 is a timeline showing the year that related electronics were introduced into the market, including the air conditioner (1902), television (1926) , video phone (1927), mobile phone (1973), etc.
II. LIFESTYLE WAVES OF CHANGE
The prediction rate of the Hochi Newspaper is unbelievably high considering the wide range of topics covered, from the eradication of the mosquito to future developments in transportation. Unfortunately, we cannot decipher what secret methods were utilized by the writer's of the Hochi predictions to achieve such a success rate. Perhaps the predictions were based on the science fiction or other popular thinking of the era. Perhaps they were sheer luck or coincidence. The predictions in this paper will not be based on science fiction. Instead, we will attempt to analyze the impact of the lifestyle waves described earlier on the future development of personal and home electronics 100 years in the future. 
III. WHAT WE MEAN BY PERSONAL AND HOME ELECTRONICS
For the purposes of our discussion, personal and home electronics are grouped into three separate categories: 1) home appliances: refrigerators, washing machines, dishwashers, air conditioners, lighting products, microwave ovens, rice cookers, etc.; 2) audio/video products: TVs, radios, AV players, VCRs, DVD recorders, etc.; 3) personal electronic gadgets: mobile phones, smartphones, digital cameras, e-readers, car navigation systems, etc. Because of its major impact on society, we can pinpoint the beginning of the personal and home electronics field as the invention of the electric light bulb. Just imagine the luxury of turning on a light after the sun had set back in the late 19th and early 20th centuries. This was truly an indication of wealth and status in the community. The next invention of similar importance to society was the electric motor. Suddenly, with the availability of the electric grid, washing machines, electric refrigerators, and vacuum cleaners, and later the air conditioner were born from the invention of the motor and related innovations. The number of motors in a particular home was another indication of wealth and status. These inventions helped liberate women (and some men) from some of the more difficult housekeeping chores of the era. This allowed women to become more involved in the social issues of the day and to take on expanding roles in the workforce.
More recent advances in technology have had a similar impact on society. Audio/video products enrich people's lives and allow them to share more fully in cultural and entertainment experiences. The large-scale integration (LSI) chip drove the paradigm shift from analog to digital and transformed recording media from vinyl records and cassette tapes to compact discs and DVDs; the Phase Alternating Line (PAL) and the National Television System Committee (NTSC) soon embraced digital broadcasting; films and video tapes are rapidly disappearing and being replaced by DVDs and digital distribution; and rotary phones are distant childhood memories that have morphed into the ubiquitous cell phone and related devices. Bulky cell phones were once a status symbol. While the latest, thinnest, smallest smartphones are still somewhat of a status symbol, the ordinary cell phone has become indispensable and is no longer a status symbol. From the invention of the electric light bulb, the lifestyle waves of change we have described seemed to move at a gradual pace compared to today. These waves are currently rippling through personal electronic gadgets at a phenomenal rate. The waves which are spreading remarkable innovations through personal electronic gadgets today will transform home appliances and audio/video products tomorrow.
IV. FIRST WAVE: TIME AND PLACE INDEPENDENCE
The first lifestyle wave of change is time and place independence. Home appliances liberated women from many household labors. Hardware downsizing of audio/video products and personal electronic gadgets liberated people from the place dependency. People can carry their music and movies with them and enjoy them anytime and anywhere. Recording functions have liberated people from the time dependency by allowing them to record media and watch or listen to it whenever they please. The distribution of all media from centralized, network-based sources will accelerate this wave.
The time and place independence wave has had a surprising impact on home appliances. For example, you can program a clothes washer to begin washing your clothes while you are at work allowing time independence. A robotic vacuum cleaner can clean the room during a user's absence allowing place independence. Air conditioners and video recording systems can be remotely operated through the Internet via personal electronic gadgets allowing place independence. People can control home appliances when they are away from home via the Internet, and these appliances can detect and self-diagnose system malfunctions.
V. SECOND WAVE: INTERACTIVITY
The second lifestyle wave of change is interactivity. Conventional media content distribution is one way. Content providers distribute audio and video media to the user. The wave of interactivity allows for two-way communication. The distribution of information by social network services (SNS) like Twitter, Facebook, and other SNS is an example of this bidirectional communication. Users can transmit information to their social network and other users can respond to this information in an ever-expanding circle of interactivity. These interactions become new content and the cycle repeats. This is an example of the second wave.
The interactivity wave has spread through audio/video products and also to home appliances. For example, the Internet protocol (IP) TV is the natural convergence of television and Internet technology. It is the result of the interactive lifestyle change wave from personal electronic gadgets. The microwave oven vendors collect cooking recipes from an Internet-based community and introduce them to their customers.
By recording power consumption data, users can be encouraged to use electricity at nonpeak times when electricity rates are lower. Energy conservation is critical to the interactivity wave. In order for personal electronic gadgets to be useful, they must have an extended battery life. For example, a personal computer (PC) can control various functions that affect power consumption. These would include monitor illumination, PCI Express, central processing unit (CPU) speed, and the CPU fan. When the system is not in use, the PC can control whether certain functions are active, such as the monitor, hard disk drive (HDD) off time, system standby time, and system hibernation time. The PC power consumption is dependent on the usage state. The usage state is a representation of the user's behavior while the system is in operation. The ability of the PC to control its power consumption based on how the product is being used is a representation of the interactivity between the device and the user to save energy.
This interactivity wave has swept over emerging markets that have unreliable power distribution. The same PC power control technology described above has allowed improvements in battery powered products. This allows the use of battery powered TVs and air conditioners when power is not available from the grid. After the great east Japan earthquake, Japan also experienced power shortages. Battery powered TVs are now available. This wave has spread from personal electronic gadgets to audio/video and home appliances. We discuss possible effects of this wave in future home appliances in Section XVI.
VI. THIRD WAVE: INTEGRATION OF THE PHYSICAL AND INFORMATION WORLDS
The third lifestyle wave of change is the integration of the physical and information worlds. Consumers no longer need their physical wallet to pay for services such as plane or railroad ticket for their daily commute. Instead, in many locations, consumers can simply pass their smartphones over a scanner. In these cases, the consumer is using information to purchase something physicalVtransportation. This is an example of the third wave. This wave has already swept over personal electronic gadgets. We think it will also spread to audio/video and home appliances in the future. We will discuss how it will happen in the future predictions covered in Section XVII.
VII. TECHNICAL TRENDS OF PERSONAL AND HOME ELECTRONICS
We will now consider the technical trends which generate lifestyle waves of change. The trends for hardware, software, user interfaces, and content distribution are reviewed below.
VIII. HARDWARE TRENDS
Remarkable hardware miniaturization, or downsizing, is one of the most apparent characteristics of hardware trends. Fig. 1 shows the volume downsizing of audio/video products such as portable audio players, cameras, and phones. The rates shown for miniaturization are calculated by assigning the initial product a volume of 100. We will describe the initial product brought to market, and interval product, and one of the most recent products available and calculate the reduction in volume from the initial product to a more recent product.
The first example we will consider is the telephone. Our final example is the portable camera. One of the first truly portable cameras was the 1917 Kodak No2 Bbox camera.[ The interval product we will consider is the 1995 Kodak DC40 and the more recent is the 2011 Pentax Q hands-on portable camera. The portable camera has been downsized by a more amazing 1/1000 over 94 years.
If this trend were to continue at the same rate for the next century, the volume of a portable audio player would be 14 mm 3 , a camera would be 175 mm 3 , and a phone would be 2000 mm 3 . If future products were miniaturized to such an extent, they would be very difficult to operate. We must consider the human element when making predictions about the future. The size of the phone may be limited by the finger and palm size required to operate and hold the product. The device size should be convenient for users to input data and select icons with their fingers. This logic also applies to the portable camera. While one must consider these factors, it is foreseeable that other methods for controlling these devices, such as voice commands, may become prevalent in the future. Nevertheless, the human element will likely place a limit on the practical size of such devices in the future.
This miniaturization is a direct result of the digital revolution. Digital components and design methods have allowed for these dramatic reductions in the size of electronics. People can now carry lightweight electronics in their pockets or around their necks or strap a smartphone around their arm while jogging. This trend is expected to continue and may lead to new devices such as biosensors the size of an adhesive bandage that can be used for healthcare monitoring.
Another hardware trend is convergence. Telephones were initially used only for voice communication. Current smartphones can be used for e-mailing, online shopping, listening to music, watching videos, surfing the Internet, or a host of other functions. Many functions that were once done on separate devices have converged into one small, lightweight device.
The miniaturization and convergence hardware trends allow people to enjoy their personal electronics anywhere at any time. In the old days, people were limited as to where they could listen to music or watch video. People had to go to concert halls and theaters in order to listen to music and watch movies, and go home in order to watch TV programs and listen to the radio. Now people can carry personal electronics and enjoy audio and video media anywhereVregardless of time and place. People can travel with devices such as smartphones instead of carrying tickets, cameras, alarm clocks, maps, train or bus schedules, guide books, and so on. This is another example of the first wave, time and place independence.
These hardware trends can have negative consequences as well. Improvements in technology have allowed noted improvements in power consumption of certain product categories. For example, Fig. 2 shows the energy performance improvement of air conditioners and indicates a 40% improvement from 1995 to 2006. These trends have had an inverse impact on the other categories. While individual products show improvement in energy performance compared to older products, the vast variety and availability of personal electronic gadgets and audio/video products are using more electricity. This includes the advent of large screen televisions, the wide distribution of smartphones, portable MP3 players, tablet computers, etc. There will be opportunities for technology to mitigate this issue by allowing consumers to interact with data gathered during power transmission. This will be discussed in Section XVII.
IX. SOFTWARE TRENDS
When home appliances were first introduced, they were controlled only by hardware circuits. Today, microcomputers and associated software are incorporated into the designs of many home appliances. This software essentially controls these home appliances. There is little difference in how today's personal electronics and modern home appliances operate. Both use the appropriate software architecture to control the operation of the device.
Another similarity between today's personal gadgets and these sophisticated home appliances is a connection to the Internet. Personal electronics can download new applications or receive software updates via an Internet connection. In the past, the embedded programs in home appliances could not be updated easily. Today, these appliances can download software updates via the Internet. Internet TVs and smartphones can also download applications and software updates from the Internet.
X. IN THE CLOUD
Personal gadgets can now use what are commonly referred to as Bcloud[ servers to back up data or store applications, movies, or music. These are data storage centers that are available through the Internet. These cloud servers are convenient for users because data can be automatically backed up. This can give users peace of mind that their data are secure. An example of such an application is described in Section XI.
XI. USER INTERFACE TRENDS
Home appliances have historically been controlled by pushing buttons. As devices have become more complex the number of buttons has increased. For example, consider the TV remote control. Current remote controllers may have 30 or more buttons for selecting channels, adjusting volume, selecting inputs, etc. As more buttons are added, the remote controller becomes overly complex and difficult to operate.
The use of icons is one solution to this problem. A user can simply select an icon instead of pressing a series of buttons. A number of icons can be displayed on a touch screen and can give the user a more direct connection and sense of control than simple buttons. The touch gesture interface used by the Apple iPhone adds another layer of user control.
There are additional issues to consider when developing a user interface for a home appliance such as a washing machine or microwave oven. These products must be able to operate reliably in harsh environments. A user's fingers may be wet or dirty. Wet clothes may be piled on a washing machine. These issues must be considered in the design of the user interface. Conventional touch screens are poor choices for such environments. Instead of using touch screens, a voice or gesture interface is a more natural interface for a home appliance.
User interfaces that use voice or gesture recognition present a different problem. These interfaces require relatively large calculations to convert speech or gestures into device commands. There are two solutions to this problem. The first possibility is the use of a special input device like Microsoft's KINECT. The KINECT device uses infrared beams, a camera, and a microchip to track the movement of people or objects in 3-D. Another example is speech recognition chips used in car navigation systems or home appliances. A voice controller in the Toshiba air conditioner AS-402NDR can recognize 26 voice instructions such as heating, cooling, timer, sleep mode, and so on. This voice controller can also control Toshiba's TV and lightemitting diode (LED) illumination.
The second possible solution is to use cloud servers. Personal electronic scans now use speech, face, or image 
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recognition programs in the cloud via an Internet connection. These types of cloud-based recognition programs are convenient for home appliances because the computing power of home appliances is fairly low. This method allows the complex calculations to occur in the cloud.
Cloud-based recognition programs are not perfect. These programs often suffer from slow response times. Response times must be kept within 0.1 s to be feasible. Current Internet congestion can slow these response times to 1-2 s. This issue can be resolved by separating the cloud computing and the local programs. The input command from the user requires a quick response and must be processed at the local level. The more complex computations, such as deciphering spoken sentences, are best processed in the cloud.
XII. CONTENT TRENDS
Home appliances have allowed society more free time to pursue leisurely activities. Instead of washing clothes or dishes, cleaning, or cooking by hand, you can enjoy music or movies. New trends in audio/video content distribution allow users to access their content from the Internet, satellite or broadcast TV, or by using portable electronics. While audio/video equipment was initially suitable only for home use, the reduced size and portability of today's devices allow use anywhere or anytime. This flexibility allows additional advantages. Instead of going to a bank to withdraw cash, or carrying change in your pockets, a smartphone can be used to execute electronic payments.
As personal electronics have become smaller, they have allowed society to approach new experiences with renewed confidence. When driving or walking in an unfamiliar city or country, it is no longer necessary to carry cumbersome maps. Global positioning systems (GPS) can easily guide you to your destination. These systems were initially fixed systems that were built into cars. Today, these systems can be incorporated into handheld smartphones. Instead of buying new maps, you can simply update the GPS system.
XIII. SOME FUTURE PREDICTIONS
Now we will try to predict the future of personal and home electronics by using the lifestyle waves of change and technical trends discussed in this paper.
XIV. TIME-AND PLACE-INDEPENDENT FUTURE
The advances in technology in the 21st century have allowed society to enjoy many activities independent of time or place. You can enjoy music or movies anywhere or anytime or use your smartphone to pay bills electronically without the hassle of carrying cash. In the next century, the wave of time and place independence may allow transformations in other fields of technology, such as healthcare.
In order to monitor the vital signs of an individual today, the patient is either confined to a hospital setting or connected to a cumbersome device that limits mobility. As hardware continues accelerated miniaturization, a sensor may be developed in the future that is no larger than an adhesive bandage. This sensor could have the ability to detect and record heartbeats, respiration, blood pressure, or even taste or odor. These data could be periodically sent to a central location and notify healthcare personnel of abnormalities. Fig. 3 shows possible architecture for such an adhesive bandage sensor device.
The architecture would likely consist of a sensor chip, a battery, and a small antenna molded onto an adhesive bandage. The chip may include a biosensor, a behavior sensor, an environmental sensor, an analog circuit, a microcomputer, and a wireless transmitter. The biosensor may sense electrocardiogram (ECG), electromyogram (EMG), electro-oculogram (EOG), electroencephalogram (EEG), cerebral blood flow (CBF), pietism grapy, SpO2 (blood level of oxygen), body temperature, skin temperature, skin humidity, respiration, blood pressure, and so on. The behavior sensor may include an acceleration sensor, a gyrosensor, and a GPS/distortion sensor that senses the position, motion, and posture of the user. The environmental sensor may sense ultraviolet rays, radiation, pollen, dust, and so on. The analog circuit may perform signal amplification and noise reduction. The microcomputer may extract the information from the sensors and compress the signal data, for example, the heart beat from an ECG. The wireless transmitter would then send the information to a centralized location where it could be monitored by healthcare personnel. All of these component parts are then molded onto a device that looks like an adhesive bandage. The battery may be charged by movements or temperature differences using an oscillation generator or a temperature difference generator.
An adhesive-bandage-type sensor such as this would transform the healthcare industry. It would allow around the clock monitoring of a person's well being. It would be equally adept at detecting physical and mental disorders. The sensor may detect heart disease due to an irregular heartbeat or excessive sweating due to changes in skin conductance as an indication of emotional distress. This information can then be transmitted to the wearer, a counselor, or to family members. The sensor would be effective without restricting the patient's locations or activities. It is a realization of the time-and place-independent lifestyle.
XV. VIRTUAL REALITY AND TIME TRAVEL
The miniaturization of technology may allow for even more futuristic devices. The same technology that allows sensors to be placed inside an adhesive-bandage-type device may also allow sensors to be placed in a device that looks like a common earring (see Fig. 4 ). The earring may detect when you are asleep and automatically adjust the illumination of the room using a photoplethysmographic sensor and an accelerometer. The photoplethysmographic sensor would obtain blood pressure and heart rate. This would allow the user, a counselor, or other healthcare professional to manipulate the sights, sounds, or smells of the environment to relax the individual when stress is detected. Aromatherapy may be used to select pleasant smells, or specific types of media may be selected to control music and video on a TV or stereo [1] . This type of technology may also allow for a type of virtual reality or Doi et al.: Personal and Home Electronics and Our Changing Lifestyles time travel. The wearer may be able to select a type of door that would allow the user to experience the sights, sounds, smells, and tastes of any location at any period in time. There may be a door that allows the user to select a location and another to select a time. The place-independent door would connect the user to any location in the world using a real-time network of worldwide sensors. The wearer can meet people or experience exciting adventures anywhere in the world using virtual reality. The timeindependent door offers the wearer an experience that simulates time travel using an enormous database of video and other data stored in the cloud. There may be a hundred years or more of data that allows the user to experience historical events. In addition to allowing the user to experience virtual reality and a sense of time travel, this type of earring sensor may also be able to monitor a person's health and may be part of a communication system like today's telephone. Everyone young and old would happily wear such a device.
XVI. INTERACTIVITY
Current social networking services (SNS) connect people using inorganic devices such as smartphones that lack a sense of presence. Proxemics by Hole [2] categorize distance between people into intimate, personal, social, and public distances. Today's smartphones do not allow users to feel a sense of presence with one another. Smartphones do not allow for intimate communications that typically occur within the Bintimate[ distance of 15 cm. These intimate communications may include touch, motion, breath, body temperature, and so on.
To allow for more intimate SNS communications that allow society to experience a sense of presence with one another, the smartphone must be replaced by something more organic that allows a sense of communication within the intimate distance. Such a device must be more organic like a humanoid or an animated being. Elfoid, developed by Prof. Hiroshi Ishiguro, may be one possible solution. Elfoid, shown in Fig. 5 , conveys an individual's presence to remote locations using voice, appearance, touch, and motion. The term Elfoid is a new term coined from the word Belf[ and the Latin suffix B-oides,[ which indicates similarity, such as Humanoid. The shape of Elfoid is similar to clay figures which have been discovered among proto relics and may be primordial to the human experience.
Future home appliances and audio/video products will be more interactive and eliminate boundaries as they converge. Current PCs use internal sensors to monitor the temperature, battery status, and fan speed and notify the user when the battery needs charging, overheating, or other problems that may result in lost time or data. Future devices will share such information with each other. The TV may notify you of an issue with a PC or vice versa. If there is a problem with the PC hard drive, the TV will automatically back up the PC's data. You will be able to view any of your media or surf the web on the TV or PC.
This interactivity will spread to power distribution. When a blackout causes loss of primary power from the grid, battery powered appliances will share power with products that do not have batteries using wireless power transmission. A robotic vacuum cleaner may move from product to product to share its stored power instead of using wireless transmission.
XVII. INTEGRATION OF THE PHYSICAL AND INFORMATION WORLDS
Twenty-first century technology has allowed glimpses of how the real world may interact with information in the future. Today, we can use information in the form of digitized money or digital tagging using radio-frequency identification (RFID) technology instead of physical cash. In the 22nd century, this process may become more complete allowing information to control and navigate real-world objects.
An example is today's automobile. A car's precrash safety system can detect obstacles by using complementary metal-oxide-semiconductor (CMOS) image sensors and automatically apply the brakes to avoid a collision, or the car's navigation system may adjust the acceleration based on whether the car is traveling uphill or downhill to maintain a constant speed. This technology will not be limited to cars in the future. People may use single passenger vehicles or assisted walking systems that are controlled by information (see Fig. 6 ). These systems may be used both inside and outside the home.
Power distribution may also be controlled by information in the future. This trend has already begun with the advent of the smart grid. Just as the digitization of analog communication has allowed high-speed, robust multimodal communication, the digitization of energy will allow reliable power distribution between natural power sources, such as wind and solar and other types of power plants. The digitized energy will be transmitted like digitized information via a network. In the future, various home and personal electronics, automobiles, and assisted robots will receive control information and digitized energy via the advanced network.
Assisted walking systems may not just aid in walking, but may also be used for navigation or training and may be embedded in shoes. Such devices may interact with other devices, such as the earring previously described to monitor an individual's health. These shoes may direct the user to a convenience store for a snack as a reward for exercising. These types of shoes may also generate energy by using the vibrations that result from walking or running. These shoes may help people get into shape or lose weight and would be as beneficial to the elderly as the young.
XVIII. CONCLUSION
Today, the lifestyle of the average person is dramatically different from a century ago, but the fundamental behavior patterns of the human race have not changed that much. The three waves discussed in this paper will have a direct impact on technology and will have a similar impact on future generations. This will allow society to more fully enjoy their lives.
The miniaturization and convergence hardware trends realized the first lifestyle wave of change: time and place independence. In the next century, the wave of time and place independence may allow transformations in other fields of technology, such as healthcare. The second lifestyle wave of change is interactivity. Interactivity is the social communication via the Internet and the wireless energy transmission. In the future, people will share the experiences and energy without borders. The third lifestyle wave of change is the integration of the physical and information worlds. In the 21st century, monetary transactions and localization are digitized and handled in the information world. In the 22nd century, energy distribution may also be digitized and handled in the information world.
As a result, there will be no clear distinction between the categories of devices we recognize today, such as home appliances, audio/video products, and personal electronic gadgets. The devices of the future will receive information and energy via vast networks and will greatly enhance and enrich the lives of individuals and society. h
